capacity in cellular networks. It is necessary to discover an appropriate coexistence between cellular and other radio access WHFKQRORJLHV PDLQO\ :L)L WR RIÀRDG WKH KLJK WUDI¿F RQ WR XQOLFHQVHG EDQGV 'HDOLQJ ZLWK MRLQW WLPH DQG SRZHU DOORFDWLRQ to devices, a non-convex problem is modeled to maximize the throughput as well as guarantee the desired user satisfaction. 
Introduction
Unlike the evolution of traditional cellular penetration based on spectral efficiency, small cells or ultra Regardless of the differences and similarities of these methods, a theoretical guide to achieve higher throughput and guarantee user satisfaction is vital.
In this paper, we ignore the specific coexistence implementation and focus on the theoretical optimal time allocation in the unlicensed bands.
In particular, time allocation means the time ratio that every device can occupy in the unlicensed bands, and power allocation means the power allocated to every band. Sdevice and wdevice are used to represent the end-user terminal in the LAA and Wi- For LAA function is physically attached to LAA base station, e.g., the upper limit of the sum of P (j) l and P (j) u are both equal to total transmit power.
Problem formulation
The throughput of a certain nth wdevice S Ȧ,n can be expressed as (1) where R Ȧ,n is the data rate of wdevice n, and Ȝ n represents the proportion of t Ȧ that wdevice n occupies in the unlicensed band. This mathematical problem has been solved >@ and can be presented as:
Intuitively, the value of natural logarithm increases rapidly when the variable is small and slows down as the variable increases, which is consistent with
WKH UHTXLUHPHQW RI WUDI¿F EDODQFLQJ 7KHUHIRUH U(S)
can be formulated by the widely used natural logarithm function to achieve a fairly balanced estimate of all
GHYLFHV WKURXJKSXW ZKLFK LV DOVR XVHG LQ 5HIV>@
Based on the system model and problem description, the integrated problem can be formulated as follows: The scheme will be discussed in the next section.
Traffic balancing scheme
In this section, the problem is divided into two subproblems, i.e., optimal power allocation and optimal time allocation, details of each are shown in next two subsections. First optimal power allocations P 
where B (j) is the bandwidth of licensed band j. Eq. (7) is convex so P (j) l can be solved using the KarushKuhn-Tucker (KKT) conditions >@ :
where (x) + means max(x, 0) and v is chosen to satisfy constraint with equality.
In the same way optimal P (j) u is calculated where u and Ȧ are chosen to satisfy the constraint with equality and P max is the maximum power for a unlicensed band.
Time allocation
The total data rate of the sdevice i is represented as EHORZ LQ RUGHU WR VLPSOLI\ (T 
7UDI¿F EDODQFLQJ RYHU OLFHQVHG DQG XQOLFHQVHG EDQGV LQ KHWHURJHQHRXV
where Į is chosen to satisfy Eq.(16).
In Algorithm 1, a method is proposed to calculate the optimal time allocation faster, as Į improves quickly to make approaches , and then adjusts to achieve the precise calculation. The variation of optimal time allocation is observed by adjusting the number of wdevices and the bandwidths of licensed bands while simplified simulation parameters (fixed signal-to-noise(SNR), etc) are adopted, and then the phenomenon is analyzed by previous formulas. Two sdevices are assumed to coexists with wdevices in one unlicensed band, and each sdevice has two licensed bands with the same bandwidth. In addition, the value of t max is This phenomenon can be explained by the solution of optimal traffic balancing algorithm in Eq.(18). After the sum of the optimal time allocation is calculated in (T DV , the allocation for a specific sdevice depends only on the value of . The water in the water-filling algorithm will first fill the lower place, and may not fill the higher lace if the water runs out. It has been proved that can be replaced by , so the of first sdevice increases far more than that of the other one when tends to be two(the UDWLR LV RQH IRU HYHU\ OLFHQVHG EDQG DQG WKXV WKH ¿UVW sdevice will not have any time allocation due to the FKDUDFWHULVWLFV RI WKH ZDWHU¿OOLQJ DOJRULWKP Thus it cDQ EH FRQFOXGHG IURP )LJ WKDW WKH bandwidths of sdevices and their competitors is vital to the optimal time allocation. In generally, the optimal time allocation for a certain sdevice improves with the increase in its bandwidth only if it reserves a small part of the whole bandwidth for all sdevices, otherwise the optimal t s *i reduces as its andwidth increases. The sdevice with small licensed bands always has a better chance to access the unlicensed bands for the demand of proportional fairness. The conclusion of the multi-sdevices scenario is quite different from that of single-sdevice scenario, in which the single sdevice can easily access the unlicensed band unless as well as IURP 5HI>@
DVVXPHG DQG 615 LV G% )LJ VKRZV QXPHULFDO UHVXOWV RI (T ZLWK
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Simulations and analysis
In this section the traffic balancing time allocation scheme is evaluated through Algorithm 1, and will EH FRPSDUHG ZLWK ¿[HG DOORFDWLRQ VFKHPH GHSOR\HG in practical scenarios. As our propose is to sacrifice the throughput to achieve higher user satisfaction, the the whole user satisfaction. We will conduct further research on the coexistence scenario in which multisdevices connect to the same femto cell and thus share only one power budget, and the power allocation and time allocation will be discussed together. 
